Abstract
Introduction
The first modern shopping centres started to appear in Czech cities during the second half of the 1990s. They were usually built on the city outskirts in "green" fields; with the advent of the millennium, industrial brownfields within larger city centres started to be adopted for retail facilities. Thus, the spatial location of shopping centres affects in a relatively significant way the organisation of urban space and the behaviours of city inhabitants and visitors (Berry, 1967; Birkin, Clarke, Clarke, 2002 , for more on the issue in the Czech Republic, see Szczyrba, 2010) . However, the intra-urban retail-based flows of persons are not easy to capture since there are no statistical data on such movements and/or the footfall 1 of shopping centres is either a subject of trade secrets or it can be uncovered by a demanding questionnaire survey, sometimes disapproved of by the management of the shopping centres (for example in Moravia, see Kunc et al., 2011) .
A useful possibility to tackle the problems of acquiring the necessary data is to resort to spatial interaction modelling, that is able not only to represent with a greater or lesser accuracy the actual flows, but also able to anticipate the future development of intraurban retail movements. The article sets the following general objective. We attempt to model the present and future intra-urban flows induced and attracted by shopping centres in the city of Olomouc, and use them to describe and analyze the modelled footfall of these shopping centres. We will make use of the gravity model to fulfil this objective. We also hope that this article will contribute to a renaissance of the application of quantitative methods, particularly spatial interaction modelling of the current state of retail facilities and prognosis of their development (see Johnston, 2008 ).
Before we formulate the research questions, the basic geographical background of the issue under consideration should be provided ( Fig. 1 -see cover p. 2). The city of Olomouc is a mezzo-regional centre in central Moravia and has 100,000 inhabitants. Currently there are four general shopping centres in Olomouc. A shopping centre for our purpose is understood as a group of retail shops including a hypermarket or a supermarket, restaurants and other businesses (we are not taking into account specialised hobby or furniture centres). The oldest one, Prior, is located in the medieval core of the city and was completed in 1982; presently it is under reconstruction. The remaining three shopping centres were constructed during the first half of the 2000s (Obchodní centrum Haná opened in , Olympia in 2004 and Olomouc City in 2005 , all in peripheral locations (Olympia closely outside the city cadastre). In February 2012, construction of a fifth shopping centre -Galerie Šantovka -was launched in close vicinity to the historical core of Olomouc. It is to be opened in the autumn of 2013.
Respecting the assumption that we examine intraurban interactions, not taking into account the hinterland of the city of Olomouc, this starting situation raises the following research questions (the last one being rather theoretical) to which we attempt to seek answers in this contribution: 1. What is the current modelled footfall of the existing shopping centres?, and what spatial patterns do the intra-urban retail-based flows follow?; 2. How will the completion of the Galerie Šantovka shopping centre affect the footfall of the already existing shopping centres?, and how will the spatial patterns of intra-urban retail-based flows change?; and 3. What would have to be the hypothetical size of the existing shopping centres so that their modelled footfall would equal that of the Galerie Šantovka shopping centre?
Spatial interaction modelling
The theoretical background and historical development of spatial interaction modelling is comprehensively discussed in the research literature, for example by Sheppard (1978) , Senior (1979) , Haynes, Fotheringham (1984) , Fotheringham, O'Kelly (1989) , Pooler (1994) , Fotheringham, Brunsdon, Charlton (2000) , and Wilson (2010) , but we provide a basic insight into spatial interaction modelling approaches. In our argumentation, we aim only at cornerstone references specific for the issue (modelling of retail) and the territory (Czech Republic) dealt with in the paper. The modelling of different flows and movements in human geography and regional science was inspired by physical relations (Newton's law of universal gravitation), and appeared already by the end of the 19 th century (Ravenstein, 1885) .
Models of spatial interactions were further developed by Reilly (1931) , who defined the law of retail gravitation. The 1940s saw the development of the approach called social physics (e.g. Zipf, 1947; Stewart, 1948) with an equivalence of demographic force to gravitation force. This conception of spatial interaction modelling led to the formulation of gravity models in their simple "Newtonian" variant (e.g. Isard, 1960; Haggett, 1965; Chojnicki [ed.], 1977) . In the Czech lands and Slovakia, such a simple approach was applied by several researchers, e.g. Řehák (2004) , Halás (2005) , Hubáčková and Krejčí (2007) , Řehák, Halás, Klapka (2009) or Halás and Klapka (2010) .
While the preceding discussion dwelled on Newtonian physics, most of the following enhancements pursue findings from probability theory or information theory, and employ optimisation procedures with reference to objective functions. An early advance in the theoretical base of spatial interaction modelling was reached in studies published by Wilson (1967 Wilson ( , 1974 , who was inspired by the second law of thermodynamics and defined a "family" of spatial interaction models that were based on entropy maximisation. Such models seek a most probable situation (i.e. the interaction pattern of origin-destination flows) in a system consisting of equal categories by identifying a macrostate consisting of the largest number of microstates (see Fotheringham, Brunsdon, Charlton, 2000:218) . The introduction of a system of constraints into the abovementioned situation produces four types of spatial interaction models (Wilson, 1974) . Slightly different ways of deriving the family of spatial interaction models were proposed by Alonso (1978) on the basis of the theory of movement, and by Tobler (1983) .
Apart from entropy maximisation, a more general approach based on information minimisation was put forward by Snickars, Weibull (1977) and later applied for example by Plane (1982) . It seeks a most probable situation in the system consisting of unequal categories by identifying a minimum information gain (Fotheringham, O'Kelly, 1989:19) as conceived by information theory.
So far the bases for the models have come from physics. In order to address criticisms levelled at such models, particularly that they are still not taking into account the nature of human behaviour, a framework using more behavioural spatial approaches was put forward by Fotheringham, 1986 (see also Fotheringham, O'Kelly, (1989 ; Fotheringham, Brunsdon, Charlton, (2000) ). These models are based on the issue of discrete spatial choice by individuals with respect to the potential alternatives, and on the hierarchical processing of information. Some of the advanced bases of spatial interaction models, namely those employing entropy maximisation, were theoretically discussed in Czech and Slovak geography by Paulov (1991) and Hlavička (1993) , and applied by Bezák (2000) .
Recent developments have brought several new impulses to the theory and context of spatial interaction modelling, with inspirations from economic, ecological, mathematical or behavioural concepts (see more in Wilson, 2010) . Openshaw (1998) and particularly Fischer (1998 ), or Fischer, Reismann (2002 , introduce discussion of the neural network modelling of unconstrained and singly constrained spatial interactions, which dwells on the previous bases of the families of spatial interaction models. Chen (2009) uses a new cross-correlation function in the traditional model that incorporates a time dimension into the modelling. The changing role of distance in the age of the Internet is handled for instance by Blum, Goldfarb (2006) .
A number of relatively recent works is concerned with the joint problem of intervening opportunity, spatial discrete choice and probability of choice. For instance, Akwawua and Pooler (2001) introduced spatial dominance effects that combine the size and distance of destinations into the intervening opportunity scheme. Drezner, Drezner (2007) discuss a p-median problem dealing with the customers´ choice of destinations.
The application of spatial interaction models in retailing studies goes back to works published by Reilly (1931) , who defined the relation between two competing centres and an intervening location based on retail commuting. His work was extended by Converse (1949) and Huff (1964) . Converse (1949) defined mathematically the breaking point between the influences of competing centres, and Huff (1964) expressed a theoretical probability of customer choice from shopping centres. He proposed a model that is able to estimate footfall in a particular shopping centre taking into account the selling areas of shopping centres and the time distance between customers and shopping centres. Fotheringham (1985 Fotheringham ( , 2012 Fotheringham ( -first published in 1989 considers the estimation of shopping trips and their spatial distribution as a classic spatial interaction modelling task.
Spatial interaction models have been recently applied in various forms to a wider area of retail research, for instance by Lee, Pace (2005) who modelled the spatial distribution of retail turnover between shopping centres. Schenk et al. (2007) dealt with the modelling of consumer behaviour in terms of grocery shopping on a regional level in the functional region of Umeå, Sweden. Suárez-Vega et al. (2007) defined the attraction function between a shopping facility and customers. Li, Liu (2012) assessed the performance of shopping malls based on their location by employing a modified version of Huff´s model. Scott, He (2012) introduced a timegeographical approach to the shopping destination choice model. Rasouli, Timmermans (2013) enriched the problem with the issue of uncertainty in shopping behaviour, which affects the application and form of spatial interaction models.
Spatial interaction models generally show that the volume of spatial interaction increases with scale (i.e. either quantitative or qualitative "importance" "size", or "mass") of locations, and decreases with the distance separating them. To put it another way, the interaction (T ij ) between two location i and j is a function of the measure v of propulsiveness of i, the measure w of attractiveness of j, and the measure d of distance between i and j:
where µ, a, b are parameters reflecting the relation of variables v, w and d to the interaction patterns. The greatest importance is granted to the variable and parameter responsible for the formulation of the friction of distance and its expression in the models. The spatial separation between two spatial locations is expressed in the form of distance decay curves that have various forms and usually a nonlinear shape (e.g. Taylor, 1971 Taylor, , 1983 Johnston, 1973; Wilson, 1974 , or Sheppard, 1978 . Negative Pareto and negative exponential functions with various values of parameters have been applied most frequently to express the spatial separation between two locations. The role of distance and the distance decay function is discussed for instance by Taylor (1971) , Cliff et al. (1974) , Wilson (1974) , Fotheringham (1981) , and De Vries et al. (2009) .
Method

The form of the model
The family of spatial interaction models (or in our case gravity models) consists basically of four variants: unconstrained case, production-constrained case, attraction-constrained case and productionattraction (or doubly) constrained case (Wilson, 1974; Fotheringham, O'Kelly, 1989 ). For our purpose, when we investigate the footfall of shopping centres, the production-constrained variant of the model provides the greatest advantage (see, for example, the numerous applications listed in Fotheringham, 1986; Fotheringham, O'Kelly, 1989 , or Wilson, 2010 . To put it short at first, the model seeks a spatial pattern for the allocation of retail flows (shopping trips) from residential zones to shopping centres, assuming that we have a prior knowledge of a number of these outgoing flows. This knowledge acts as a production constraint and can be expressed as follows:
where O i stands for the total of outgoing flows from i.
Taking into account this constraint [2] , the model can be formally expressed as:
where:
T ij expresses the volume of interaction between i and j; A i plays the role of a balance parameter; O i expresses the number of outflows from origins; w j plays the role of a proxy variable expressing the attractiveness of destinations; d ij marks a distance between i and j; and b is a parameter of the model controlling the shape of the distance decay function.
The balance parameter A i ensures that on the demand (i.e. production) side of the model, the number of total outflows from origins is exactly reproduced by the model and allocated to destinations; in our case, that the number of outgoing shopping trips from the residential zones is totally distributed among the shopping centres on the supply (i.e. attraction) side of the model. The balance parameter is expressed as follows, using the above symbols:
If a mathematical expression should be used, the balance parameter A i ensures that the constraint given by equation [2] , for this purpose written preferably in reverse order as
is fulfilled in the matrix of estimated flows, the asterisk denoting then, that in this case, T ij stands for the estimated flow between i and j.
Variables entering the model
In this section, we will specify the character of the data entering the model. The origins i are related to the basic settlement units -BSUs (see Figs. 1 (cover p. 2) or 2) -which are the smallest spatial zones for the used data gathered from the 2001 census. These are the numbers of independent households (see Tab. 2), since we assume that shopping trips are usually made for the whole household. Another approximation should be made with respect to the location of basic settlement units. They are of areal character and if we calculate distances (d ij ) between origins and destinations, we have to deploy a point pattern for both variables, in our case based on the public transport stops (see below for the nature of the distance measure used). While this nature is inherent to shopping centres, we have used the geographic centres of built-up areas within each areal unit and the nearest public transport stop to the centres, in order to acquire a point pattern of origins (see e.g. Fig. 2 ). Out of 82 basic settlement units in the city of Olomouc, sixteen (see e.g. Fig. 2 grey colour) have less than 10 (in seven cases zero) independent households and these have been excluded from the analysis. Thus, 66 basic settlement units were finally entered into the interaction and spatial separation matrices.
Four (and later five) shopping centres are destinations j, thus constituting the columns of the interaction and spatial separation matrices. Since we have no prior knowledge of ingoing flows to the shopping centres, we have to express their attractiveness by a proxy variable w.
Our case should rather be called a pseudo-productionconstrained variant, regarding the character of the data, where we know the number of flows originating in the spatial zones (in this case the BSUs), while the attractiveness of the shopping centres has to be expressed by a proxy variable. In this respect, we have made use of the selling areas of the shopping centres (Tab. 1).
The last variable entering the model is the distance between origins and destinations. We have tested three types of distance (Euclidian distance, time distance by automobile, and time distance by public transport), and the results provided by the time distance by public transport are presented in this article. Although the presentation of all results is not possible due to size constraints, our choice needs to be justified. The Euclidian distance has served the principal methodological purpose as a common basis for comparisons of the results provided by both types of time distances. Finally, we have resorted to the time distance by public transport as we have preferred the transport mode that is accessible virtually to anyone and that provides a more stable expression of distance based on timetables. The last issue to be discussed is the distance decay function. We have used the negative power function and tested four values of the b parameter expressing the resistance of distance to the interactions. Haynes, Fotheringham (1984) 
Results of the modelling
In the following discussion, we aim particularly at textual presentation of the general results regarding the modelled flow and predicted footfall of the shopping centres. The fine network of modelled intra-urban flows between the shopping centres and basic settlement units is not commented upon since it can be sufficiently understood from Figs. 2, 3, 4, and Tab. 4 providing necessary data and their spatial representation.
Starting situation
Detailed results provided by the productionconstrained gravity model for the existing four shopping centres (Prior, Olympia, Haná and City) are presented in Fig. 2 and Tabs. 2 and 4 recording the modelled situation. Fig. 2 ), given its position in the centre. The lowest number is recorded for Olympia (0.39 households/m 2 ), which is located outside the city cadastre. Nevertheless, the remaining two shopping centres (Haná and City) do not significantly differ from the Olympia in the number of households per square metre and thus we identify two types of shopping centres: newly-constructed suburban facilities and traditional centrally-located facilities.
Situation after the completion of the Galerie Šantovka
Detailed results of the modelled prediction concerning the situation after the opening of the Galerie Šantovka are presented in Figs. 3, 4 and Tabs. 3 and 4. Fig. 3 and Tab. 4 show a prediction of the spatial distribution of households among the future five shopping centres, and thus can be understood as a modelled prediction of the future spatial shopping preferences of residents in the city of Olomouc.
These preferences are assumed to turn dramatically in favour of the newly-constructed Galerie Šantovka, since it will attract 44.9% out of 43,603 households in Olomouc. The present leader, Obchodní centrum Haná, will attract 22.1% of households, and will be followed by Olympia (14.3%), Olomouc City (12.8%) and Prior (5.9%) -see Tab. 3. The correlation between the share of the shopping centres in the total selling area and the percentage of attracted households is slightly lower than in the case of the original four shopping centres, but still significant. This lower value is caused by the specific conditions of the Galerie Šantovka -it will be the largest shopping centre in Olomouc and it will be located in the centre, which will change the existing spatial patterns. Following the completion of the Galerie Šantovka, all existing shopping centres are expected to lose more than one half of the attracted households according to the production-constrained gravity model (Obchodní centrum Haná 56.6%, Olomouc City 55.1%, Olympia 53.9% and Prior 53.1%). The spatial distribution of this phenomenon is presented in Fig. 4 , together with the original tributary areas of the four existing centres delineated according to the first (highest) outflow from each BSU. These tributary areas show the present importance of the Obchodní Centrum Haná shopping centre and its favourable location within the public transport network. It is the only shopping centre with a tram connection, considerably increasing its accessibility (it is useful to remember that time distances entering the model were public transport time distances, which made the content of Fig. 4 somewhat unexpected; results based on Euclidean distance or automobile time distance would provide considerably different tributary areas of the shopping centres).
Hypothetical size of the existing shopping centres
The gravity model is also able to infer a hypothetical situation that provides an answer to the third research question raised in the introduction. Table 5 presents theoretical selling areas of the existing shopping centres that would generate the same footfall (i.e. attraction for the households) as the Galerie Šantovka with its 46,500 m 2 of planned selling area. Here we assume that the known demand level is preserved in the computation and that only its spatial distribution is altered. A note should be made here that for each estimated selling area of individual shopping centres, in the respective spatial contexts (see Figs. 5, 6a, b and 7a, b) . This time they should be considered as highly hypothetical, with no spatial and municipal planning connotations and ambitions, as they appear mostly infeasible and sometimes even impossible. We present them as one of the interesting results available through spatial interaction modelling. This expansion would face little or no spatial conflicts since the Olympia is located at the outskirts of the city of Olomouc with sufficient development areas in its vicinity (mostly arable land). In this case, the expansion of the shopping centre appears generally possible --but not taking into account numerous other factors, such as broader economic conditions, etc.
On the contrary, the hypothetical expansion of Prior appears impossible in all respects. Fig. 6a , b present two options of the horizontal expansion of Prior while keeping its current height and following the course of important communications. In the first case (Fig. 6a) , the UNESCO site of the Holy Trinity Column, the gothic church of St. Moritz and parts of the blocks of medieval and early modern houses, would have to be destroyed. In the second case (Fig. 6b) , the whole large block of predominantly medieval and early modern houses would have to give way to the expansion of Prior. 
Conclusion
The application of the production-constrained gravity model has provided sufficient data for the description, prediction and inference of spatial phenomena related to the issue of the shopping centres' footfall in the city of Olomouc, and helped to answer the research questions raised at the outset.
However, reading these results, one has to be aware of two constraints setting the research framework. One of them is the spatial context which excluded the surroundings of the city of Olomouc, which somewhat decreased the total intensity of interactions and the modelled footfall of the shopping centres. Secondly, the distance between origins and destinations applied in the model had certain effects on the spatial patterns.
Apart from these disadvantages, inherent to spatial interaction models, the gravity model option applied in our study confirmed the crucial role of location in similar research tasks (i.e. location of shopping centres). Several notions on the location of shopping centres in Olomouc should be presented here. We only hint at some of the related issues hereinafter because they would deserve further detailed individual studies. We rather point out the identifying role of the gravity model. Firstly, the importance of location should be considered more as a relative rather than an absolute measure, since the relative locations of the competing shopping centres, the concentration of households, and the place within the public transport network, have acted as mutually dependent factors creating the modelled spatial patterns.
Secondly, within this relatively conceived system of locations, their central positions within the city have brought the greatest advantages for such retail facilities, which is documented on the examples of Prior (both in the present and predicted states) and Galerie Šantovka (in the predicted state). In spite of having the smallest selling area, Prior would experience the smallest relative decrease in footfall upon completion of the Galerie Šantovka. In contrast, the suburban retail facilities, particularly those with poor public transport connections (Olomouc City and Olympia), are assumed to experience more significant losses in their footfall.
Thirdly, the primitive typology of retail facilities (traditional centrally-located, suburban newlyconstructed, and revitalised brownfield) and the respective modelled results argue in favour of the revitalisation of disused industrial areas within or near the city centre, and their active use as for example in retail facilities, as well as arguments against the occupation of suburban agricultural land. However, it is fair to admit that the assessment of the location of shopping centres has to take into account more factors, such as economy and transport. As shown above, the gravity model can particularly contribute to the assessment of the latter. Shopping centres in the city centre are very intensive in terms of individual transport; however, they are easily accessible by public transport, too. On the other hand, the location of suburban shopping centres is more favourable for individual and logistic transport, while access by public transport is less convenient.
Finally, we can see that the modelling of spatial interactions and the application of gravity models is able to contribute to the resolution of research tasks, particularly when statistical data on the examined issue are lacking, in our case, when we strive to reveal the spatial patterns of shopping centre footfall.
